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Abstract 
A DOE sponsored pilot-scale project has been funded in which 30,000 metric tons of CO2 will be injected in the upper part of 
the Mississippian reservoir to verify CO2 Enhanced Oil Recovery (EOR) potential at Wellington field in South Kansas. Many 
conventional Mississippian oilfields in Kansas are going through final stages of water flooding and are at CO2 miscible or near 
miscible conditions. Wellington Field represents a typical Kansas Mississippian reservoir with very well documented 
production/injection history and proven performance and, therefore, it is ideal candidate for CO2 EOR. The main objective of this 
work is to evaluate reservoir properties, predict reservoir response, and evaluate possible risks for CO2 EOR in the Mississippian 
reservoir at Wellington Field. 
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1. Background 
Approximately 26,000 metric tons of CO2 will be injected into a new well in Wellington Field, Sumner County, 
Kansas over a 7 month period in the Mississippian carbonate oil reservoir. The injection is part of a small scale 
injection project funded by DOE-NETL to test the efficacy of CO2 based EOR in Mississippian reservoir and 
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geological storage in the oil reservoir and in the underlying saline aquifer in the Lower Ordovician Arbuckle Group. 
Injection in the Mississippian reservoir is planned to begin in April 2015.  
 
Wellington Field has 49 active production wells and 15 active injection wells producing 132 BOPD. Cumulative 
oil production is over 20 million barrels since discovery in 1927. A successful waterflood initiated in the mid-1950’s 
together with miscible conditions for the oil reservoir and supercritical conditions for the saline aquifer provide high 
confidence that the small scale test will be successful in this field and others like it in southern Kansas. 
 
This work is focused on the decision making for the selection of the suitable location for the CO2 injection well 
site. The optimal solution has to be provided which considers the efficiency of the EOR and also serves the purpose 
of studying of CO2 movement in fractured or faulted reservoirs. This paper presents results of numerical simulations 
for several 5 spot pattern candidates at Wellington field based on extensive reservoir characterization work, which 
includes: log and core data analysis, seismic data, well testing, and historical field data analysis.      
2. Reservoir properties 
2.1. Geologic setting 
Rocks deposited during the Mississippian Subperiod, spanning about 359 million to 323 million years ago, are 
found in the subsurface throughout most of Kansas. Mississippian rocks get progressively deeper from east to west 
and are oil-bearing in several parts of central and western Kansas, where they have been buried several thousand 
feet deep. The Mississippian formation, based on lithology, can be divided from top to bottom, into 3 lithofacies 
sequences: Chat conglomerate, Dolomitic sequence and carbonate interval at the bottom. 
 
Results of characterization study, performed as a part of this project, indicate that the Mississippian Formation, 
although laterally continuous at Wellington Field, has considerable internal heterogeneity, including a wide range of 
pore types (e.g., micropores, intercrystalline, and vugs) and a matrix with a complex mineralogy (chert, 
chalecedony, and dolomite). Thus, the characterization study suggests that careful planning and monitoring of the 
CO2 injection will be needed.  
2.2. Reservoir characterization and properties 
The Mississippian reservoir at Wellington Field has been analysed using a host of data, including continuous core, 
an exhaustive suite of modern wireline logs, and multi-component 3D seismic data. These data demonstrate that the 
reservoir has an average thickness of 42 ft. and is moderately fractured at a range of scales, typical of carbonates in 
general. The reservoir exhibits an upward increasing porosity trend through the midsection of the field, with 
effective porosity ranging from 5-27%. Permeability from whole core in Wellington #1-32 ranges from 0.13 to 60 
md. 
 
The data set for the log analysis consists of 16 wells with complete suites of porosity and resistivity logs drilled 
from 1956 to 2011.  Also, there were are 5 older wells with older completion dates from 1936 to 1948. These wells 
had one porosity log, usually Neutron logs with no scale, and no resistivity logs. The Neutron logs of the 5 older 
wells were normalized with the Neutron logs of the new well (1-32), which was drilled and logged specifically for 
the purposes of the project, and then converted to the equivalent formation porosity. The 16 newer wells were 
quality controlled and analysed by Techlog in terms of porosity, water, oil saturation and minerals (Fig. 1). 2 of 
these 16 wells (1-32 and 1-28) had Nuclear Magnetic Resonance (NMR) log. The NMR logs were analysed by 
Techlog to derive Coates permeability and capillary pressure curves. 
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Fig. 1. Well KGS #1-32 estimation of permeability based on magnetic resonance imaging (MRILtm) using porosity and T2 center of gravity 
versus core permeability (left) and NMR log derived porosity (PORE NMR) and water saturations (PC/SW and SW/IRR NMR). 
Well 1-32 is a new well drilled for the purposes of this project with the comprehensive set of modern logs and 
core; therefore, it was used as the key well. Routine core data of this well was analysed by Flow Zone Index (FZI) 
method and FZI derived values were correlated with log derived porosity and water saturation of this well (NMR 
irreducible water saturation). Based on irreducible water saturation and porosity, permeability in well 1-32 was 
estimated, which matched very well with core data and Drill Stem Test (DST) analysis. 
2.3. Reservoir structural features 
A field-wide 3D multi-component (converted wave) seismic survey was conducted at the Wellington Field. Both, 
well-log and seismic data exhibit high variability in porosity distribution throughout the field. Small faults with up 
to ~80 ft throw and systematic NE- and NW-trending fractures cut the dolomitic carbonate reservoir in Wellington 
Field.  While effects of small faults and fractures have not been recognized by the operator of the decades-old 
waterflood in the Mississippian reservoir, potential concerns are raised about their impact on the dispersal, 
containment, and prediction of injected CO2. 
 
Preliminary calculations of fault and fracture geometries were performed based on the seismic data in correlation 
with log analysis. These fault and fractures geometries were included in the existing reservoir model and will play 
an important role in decision making during the selection process of the suitable 5 spot pattern.    
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Fig. 2. Amplitude envelope map of the Mississippian reflection (top) 
 Slices from a pre-stack depth-migrated seismic amplitude volume in Wellington Field highlighting suspected faults based on termination of 
seismic reflections. A 5-spot well injection pattern is shown that is impacted by the two faults (bottom). 
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3. Reservoir model 
3.1. Porosity model 
Schluberger Petrel’s volume attribute processing (i.e., genetic inversion) was used to derive a porosity attribute 
from the Pre-Stack Depth Migration (PSDM) volume to generate the porosity model .  The seismic volume was 
created by re-sampling (using the original exact amplitude values) the PSDM 50 feet above the Mississippian and 
500 feet below the Mississippian formation (i.e., approximate Mid. Arbukle formation). The cropped PSDM volume 
and conditioned porosity logs were used as learning inputs during neural network processing. A correlation 
threshold of 0.85 was selected and 10,000 iterations were run to provide the best correlation. The resulting porosity 
attribute was then re-sampled, or upscaled (by averaging), into their corresponding 3-D property grid cell. 
 
 Fig. 3. Porosity model 
The porosity model was constructed using Sequential Guassian Simulation (SGS). The porosity logs were 
upscaled using arithmetic averaging. The raw upscaled porosity histogram was used during SGS. The final porosity 
model was then smoothed.  The following parameters were used as inputs: 1) Variogram type: spherical with 
nugget: 0.001; 2) Anisotropy range and orientation: lateral range (isotropic): 5000 ft, vertical range: 1-ft, 
distribution: actual histogram range (0.06–0.11) from upscaled logs; 3) Co-Kriging with secondary 3-D variable: 
inverted porosity attribute grid and correlation coefficient: 0.75. The porosity model is presented in Fig 3.  
3.2. Permeability model 
The upscaled permeability logs shown in were created using the following controls: geometric averaging method; 
logs were treated as points; and method was set to simple.  The permeability model was constructed using 
Sequential Guassian Simulation (SGS).  Isotropic semi-variogram ranges were set to 3000-ft horizontally and 1-ft 
vertically. The permeability was collocated and co-Kriged to the porosity model using the calculated correlation 
coefficient (~0.70). The resulting SGS based horizontal and vertical permeability distribution (Fig. 4). 
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Fig. 4. Permeability Model 
3.3. Water saturation model 
In Mississippian reservoir, reliable initial water saturation from logs (which could be converted to irreducible 
water saturation) was not available. But there are NMR data in two of the wells which can provide irreducible water 
saturation in these wells. The water saturation model was derived based on existing porosity and permeability 
models and assigned Reservoir Quality Indicator (RQI) ranges. 
3.4. Capillary pressure and relative permeability 
In the absence of special core analysis data, NMR data of Well 1-32 were used to drive capillary pressure curves 
for different zones of the reservoir and they are on generalized capillary pressure curves and NMR irreducible water 
saturations. Also, core relative permeability data were missing. Based on estimated end points from well 1-32 and 
generalized data from other fields, relative permeability curves were generated for all rock types. This method is 
explained in more detail in [2]. 
3.5. Reservoir pressure and temperature 
Based on temperature log of 1-28 and  DST flowing temperature of well 1-32 (DST 2) and well 1-13 in nearby 
Wildcat field, temperature in the Mississippian reservoir at the Wellington Field was estimated as 121 degree F. To 
get the initial pressure of the Mississippian reservoir and old DST data before water-flood during early production 
were studied. Pressures from DSTs in Arbuckle formation for the well KGS #1-32 and #1-28 were extrapolated to 
get the initial pressure in the Mississippian reservoir. From these calculations it can be concluded that initial 
pressure in the Mississippian was around 1480 psi with pressure gradient of 0.48 psi/ft. Current reservoir pressure at 
Wellington Field is measured as 1100 psi.    
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4. Laboratory CO2 miscibility analysis for Wellington Field conditions 
A 40 ft sand packed slim tube equipped with a high-pressure glass capillary and a dome loaded back pressure 
regulator was used for the multiple contact miscibility study. The porosity of the sand is 35% and the permeability is 
approximately 1.5 Darcy. The cleaned slim tube was saturated with toluene. The back-pressure was set at the 
Wellington Field reservoir conditions and the toluene was displaced by a minimum of 2 pore volumes of crude oil. 
 
The CO2 was injected at constant rate of 125 cc/min using a motorized high pressure pump. The oil produced in 
the separator at the end of the test was recorded and the oil recovery as function of the original oil in place was 
calculated for each displacement. Six displacement test were conducted at various back pressures. Minimum 
Miscibility Pressure (MMP) was found to be within operational range of reservoir conditions. 
 
5. Reservoir simulations 
The main goal for this task of numerical simulations was to determine the outline of the CO2 front for optimal 
monitoring of the EOR performance, efficiency, and CO2 movement in through existing structural elements.  
 
The reservoir simulations were conducted using the Computer Modeling Group (CMG) GEM simulator.  GEM is 
a full Equation of State compositional reservoir simulator with advanced features for modeling the flow of three-
phase, multi-component fluids. The code can account for the thermodynamic interactions between three phases: 
liquid, gas, and solid (for salt precipitates). Mutual solubilities and physical properties can be dynamic variables 
depending on the phase composition/system state and are subject to well established constitutive relationships which 
are a function of the system state (pressures, saturation, concentrations, temperatures, etc). 
 
The Petrel based geomodel mesh discussed above consists of 130 x 114 horizontal grid and 32 vertical layers for a 
total of 451,887 cells. The model domain encompasses a 1.56 miles2 area and the formations from the base to the 
top of Mississippian formation. This grid with populated reservoir parameters (permeability, porosity, and water 
saturation) was imported to CMG Builder where other reservoir properties discussed above were applied. Boundary 
conditions were determined as Carter-Tracy aquifer with allowed leakage. Historical matching of the field 
performance was performed with CMOST software from CMG.    
6. Summary 
Based on preliminary models, the CO2 front movement is going be affected by several factors: 1) Existing water 
flood creates pressure gradients which will stir CO2 front; 2) Existing faults and associated damage zone are likely 
to contain and redistribute CO2 in the reservoir, influencing and directing CO2 movement (Fig. 5); 3) The most 
efficient EOR is predicted to be in the vicinity of mapped fault; however, this hypothesis, needs further verification 
with field implementation; and 4) it is planned to monitor CO2 front movement with additional seismic equipment 
(passive and active components) and chemical tracers for improved control and verification of the model.       
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Fig. 5. Modeled CO2 spatial distribution in case of the injector location which coincide with structural elements after 2 years since the start of 
injection. 
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